A field experiment was carried out during the two successive growing seasons of faba bean 2011/ 2012 and 2012/ 2013. The aim of this investigation was to find out the impact of water deficit based on differentreference evapotranspiration( ETₒ) methods on water applied for faba bean crop.
INTRODUCTION
Egypt is facing a shortage of water and is expecting a serious decreasing of the availability of water. It is preferableto highlight the status of water in Egypt as follows (Abu-Zeidand Hamdy.2002) :
 Egypt is the solely country worldwide that its agricultural land is nearly irrigated of about 98% due to the very dry conditions i.e. no rainfed agriculture from economical point of view is implemented.  Capita share per annum from water for different purposes is less than the poverty edge of 1000 m 3 and it is continuously decreasing till the water scarcity level of less than 500 m 3 in the few coming decades.
 River Nile is the main resource of renewal water with a fixed allocation of its water.  Agriculture is the main sector in water consumption withabout 80-85% from total available water supply.  Moreover, the negative impacts of climate change is expecting which is mainly resulting in increasing crop water needs along with decreasing crop production is expecting.  Therefore, the strategic procedures of water saving becomes a must.
Furthermore, Phocaides (2007) had pointed out that drip irrigation is an effective way in water saving in specific and in '' on-farm irrigation management'' in general.
In addition, computation of irrigation water should be applied not less not more than the actual crop-water needs is also important item under the umbrella of '' Onfarm irrigation management''.
In this direction, water deficit technique plays a vital role in rationalize irrigation water, particularly under the shortage of irrigation water. Faba bean is considered as the main winter legume crop in Egypt. The high seed protein content of 28% gave this crop high value in human cnsumption and at the same time it is alow price source of plant protein.In addition,faba bean increased soil fertility through nitrogen fixation by root nodules.Such feature is amounted with 20-25 Kg.N/ fed, to be useful for the following summer cultivated crop. (Ashry et al., 2012) .
The role of water deficit and drip irrigation on faba bean crop-water needs were investigated by several researchers such as; Ibrahim (1981), Mashari and Naeem (2008) , Ali and Talukder (2008) , Oweis and Hachuns (2006) , Kijne et al. (2003) provide several strategies for enhancement of water productivity by integrating varietal improvement and better resources management at plant level, field level and agro climatic level.
So, the objective of this work was to find out the impact of water deficit computed based on different reference evapotranspiration (ET • ) methods for faba bean crop under drip irrigation method, In this direction, the sharing of rainfall in water applied was also taking into consideration.
MATERIALS AND METHODS Location
A field experiment was conducted during the two successive winter growing seasons of 2011/ 2012 and 2012/ 2013 at the Demonstration Field for Modern Irrigation Systems, Sakha Agricultural Research Station, Kafr EL-Sheikh Governorate. The location is situated at 31º-7' N Latitude, 30º-57' E Longitude with an elevation of about 6 meters above mean sea level and represents the circumstances and conditions of Middle North Nile Delta region.
Climatic conditions
Climatological elements during the two growing seasons of faba bean (viciafaba L) crop were recorded as monthly averages from Sakha Agrometeorological Station. (Table 1 ) 
Soil analysis:
To judge perfectly on the soil physical and chemical properties, these methods were used according to the global standard methods.
-Mechanical analysis for soil was carried out using the pipette method as described by Dewis and Fertias (1970) . -Bulk density was determined by using the undisturbed core samples according to Klute (1986) . -Soil organic matter content was determined by walkley and black method described by Hesse (1971) . -Total carbonates were estimated using modified calcimeter and calculated as calcium carbonate according to Dewis and Feritas, (1970) . -Soil reaction (pH) was measured in (1:2.5) soil: water suspension (Jackson 1967) . Total soluble salts were determined by measuring the electrical conductivity in the extract of saturated soil paste in dSm -1 as explained by Jackson ,(1967) .
-The amounts of water soluble cations and anions were determined in the extract of saturated soil paste by the methods described by Hesse, (1971) . 1-Soluble calcium and magnesium (Ca ++ and Mg ++ ) were determined by the versenate method. 2-Soluble sodium and potassium (Na + and K + ) were determined by using Flamephotometer. 3-Carbonate and bicarbonate (CO 3 -and HCO 3 -) were determined by titration with standarized sulfuric acid solution. 4-Chloride (CL -) was titrated with silver nitrate.
5-Sulphate was determined by calculating the difference between sum of cations and anions. -Field capacity and wilting point were measured by using pressure membrane apparatus according to (Garcia 1978) . The experimental soil is clay in texture ( Dewis and Fertias, 1970) as presented in Table ( 2). 
The drip irrigation system
The experimental field is furnished with the drip irrigation system.In the drip irrigation, water is applied to each plant separately in a small, frequent, precise quantities through dripper emitters. It is the most advanced irrigation method with the highest application efficiency. The water is delivered continuously in drops at the same point and moves into the soil and wets the root zone vertically by gravity and laterally by capillary action. The planted area is only partially wetted.
Field experiments
A field experiment was conducted usingfaba bean (Viciafaba L)as winter crop. Faba bean crop which was grown during the two seasons 2011/ 2012 and 2012/ 2013.
Dates of sowing (S) and harvesting (H) were as follows:
Season 1: S = 22/11/2011 S = 22/11/ , H= 19/4/2012 S = 22/11/ Season 2: S = 17/11/2012 S = 22/11/ , H= 20/4/2013 All cultural practices including laser leveling were performed as recommended by Agricultural Research Center (ARC) except for the factor of study i.e. effective irrigation management for faba bean crop under drip irrigation system. Total water applied (TWA)
Total water applied consists of two items; irrigation water (IW) and rainfall (RF). Data of RF is obtained from the agro-climatic station in the site. While IW is computed as follows:
The dimensionless crop coefficient, Kc is the ratio between water consumed by the growing crop (faba bean) to ETo. Values of Kc were quoted fromFAO Irrigation paper No. 56 (Allen et al., 1998) .
While applied irrigation water through the drip irrigation systems was computed as:
IW =
…………………………… (2) The investigated irrigation treatments were as follows: A-FAO Penman-Monteith Method:
The FAO Penman-Monteith method as described by Allen et al. (1998) wasused to calculate ETo. The equation is given as: ET p = 0.1642 + 0.8 Ep Where: ETp= Potential evapotranspiration, cm.day¹ Ep= Pan evaporation, cm.day¹ C-Doorenbos-Pruitt method. Doorenbos-Pruitt (1975) predicted potential evapotranspiration(ET p ) as follows: ET p = BWR s / L-0.3 Where: ET p = daily potential evapotranspiration in mm/ day. B= adjustment factor based on wind and mean relative humidity. W= weight factor based on temperature and elevation above sea level. R s = daily total incoming solar radiation for the period of consideration in cal/ cm 2 / day. L= latent heat of vaporization of water in cal/ cm 2 / day. D-Modified penman.
Equation of the modified Penman method contains a radiation term and an aerodynamic term as follows: ET 0 =C ''W.Rn+(1-W).F(U).(e s -e a )'' Where: ET 0 = referance crop evapotranspiration, C = adjustment factor to compensate for the effect of day and night weather condition, W = Weighting factor, R n = net radiation in equivalent evaporation (mm./day). E a = Actual vapour pressure, (mm.Hg). E s = Saturation vapour pressure at air temperature.
RESULTSAND DISCUSSIONS
Irrigation water (IW), rainfall (RF) and total Water applied (TWA). AS stated before in the materials and methods, total water applied (WA) consists of two components e.g. irrigation water (TIW) and rainfall (RF). Therefore, the values of IW, RF and TWA for the two growing seasons 2011/2012 and 2012/2013 of the investigated faba bean crop are tabulated in Table ( 4 ) . Values are representing in m 3 /fed.and cm (1fed. = 4200 m 2 = 0.38 ha).
Regarding irrigation water (IW), the values can be arranged in descending order in connection with the different reference evapotranspiration (ET 0 ) methods as; Modified penman, Ibrahim, Doorenbos and Pruit and FAO Penman -Monteith in the first season. While the arrangement in the second season is; Ibrahim, Modified Penman, Doorenbos -Pruit and FAO Penman-Monteith ET 0 methods.
Therefore, FAO Penman-Monteith is resulted in the lowest value of IW in the two seasons of faba bean. On the other hand, modified Penman and Ibrahim methods are associated with the highest value of IW in the first and the second season, respectively.
In connection with irrigation level; the amount of IW has the same trend with that of irrigation level. Meaningfully for each ET o method, IW under 100% level is the highest followed by 80% and the 60% is the lowest.
As tabulated in Table ( 4-a-b), seasonal rainfall (RF) in the growing season of faba bean is 411.84 and 398.33 m 3 /fed. or 9.81 and 9.48 cm, respectively in the first and second growing season.
So, by adding RF to IW for each stated irrigation level (100, 80 and 60%) under each reference evapotranspiration (ET o ) method, then total water applied (TWA) could be obtained. In general, WA has the same trend with that of IW.
Average values of IW, RF and WA are tabulated in Table (4-c The obtained results are in the same line with that obtained byMashari and Naeem (2008), Ali and Talukder (2008) and Oweis and Hachuns (2006) .
Contribution of rainfall (RF) in total water applied (TWA):
Values of contribution percentages of RF in TWA as tabulated in Table  ( 4-c) cleared out that this percentages have the opposite trend with that of irrigation level. For example, with applied Ibrahim method, the mean contribution percentages are; 37.36, 39.79 and 42.58 under 100, 80 and 60% irrigation level of this method, respectively. The corresponding values for FAO Penman-Monteith are; 41.79, 43.79 and 45.98%. Same findings are obvious with all investigated ET o methods.
So, in conclusion this finding of sharing rainfall in total water applied should be taking into consideration which is considered as an effective way of water saving in rationalize faba bean watering. Nearly, half of TWA is coming from rainfall. This contribution is mainly depending upon the level of applied irrigation water e.g. 60, 80 or 100%. This finding is in the same direction with that stated by oweis and hachuns (2006) .
Rate of water applied: Seasonal rate of irrigation water applied (WA) as expressed in m 3 /feddan/day under drip irrigation system is tabulated in Table ( 4-c ) . Values are ranged between 5.68 and 7.09 m 3 /fed./day which was resulted under the 60% of FAO Penman-Monteith and under the 100% of modified Penman.
This parameter of seasonal rate of water applied is useful in planning effective water management for faba bean crop under drip irrigation system with taking into consideration the availability of irrigation water. Out of the stated values, nearly 50% is coming from rainfall. Meaningfully, average seasonal daily irrigation water applied (IW) is ranged between 2.84 and 3.55 m 3 /fed. depending upon the availability of irrigation water and the obtained marketable yield. Seed yield (ton/ feddan).
Table (5) illustrated that no significant difference among different treatments from seed yield point of view. This result could be attributed to the effect of rainfall which diminishing the role of irrigation water on seed yield. 
